Objective: We clarified the relationship between the degree of subjective fatigue, sleep, and physical activity among nurses working 16-hour night shifts in a rotating two-shift system. Materials and Methods: We investigated 15 nurses who were surveyed regarding their individual attributes, physical activity level (consumed calories), hours of sleep, sleep efficiency, sleep onset latency, sleep diary, and subjective symptoms. Nurses wore a Fitbit One (Fitbit Inc., San Francisco, CA, USA) for 7 consecutive days to measure sleep and physical activity. Results: Results were analyzed for nine participants, excluding those who withdrew or had missing data. The years of nursing experience, nurses' age, and the length of nocturnal awakening time of the high fatigue group were significantly longer than of the low fatigue group (p < .05). Years of nursing experience in the affiliated department of the high fatigue group was significantly shorter than of low fatigue group (p < .05). The number of nightshifts during the survey period was significantly higher in the high fatigue group than in the low fatigue group. Fatigue after work and body mass index (r = 0.46, p < .001), consumed calories (r = 0.30, p < .05), bedtime (r = -0.36, p < .05), and hours of sleep (r = -0.37, p < .01) were significantly correlated; however, the sleep indices were not correlated.
Introduction
The increasing sophistication and complexity of medical care, aging of the patient population, and shortening of the number of days for which patients are hospitalized, all contribute to increasing nurses' workload. According to a survey on actual working conditions, which investigated 32,372 nurses 1) , approximately 90% work overtime and 60% reported that their workload had increased compared to the previous year. In addition, as the working hours increased, nurses' subjective symptoms including general fatigue and lower back pain also increase, and three out of four nurses continue to work when chronically fatigued.
A survey by the Japanese Nursing Association found that approximately 40% of nurses who left the profession due to the working environment cited that long working hours and working nightshifts were their reason for leaving 2) . Staff turnovers tend to be higher in hospitals with greater nightshift workloads 3) . The Japanese nursing system has progressed from the triple-shift system to a two-shift system. According to the survey by the Japan Nursing Association in 2010, the two-shift system is the most common (in 45.5% of hospitals), followed by the three-shift system (in 39.4% of hospitals). Respondents claimed that nightshifts of 16 hours or more accounted for 87.7% of the time spent at work 4) . In a two-shift work system, nurses work long hours, including the nightshift, which goes against the nurses' bio-rhythm as they should be sleeping to ease fatigue. This has been reported to increase the risk of medical accidents due to fatigue and reduced attentiveness 5) and the risk of disease including cancer 6) and diabetes 7) in nurses themselves. Consequently, countermeasures that prevent fatigue in nurses working shiftwork are necessary.
When working in a two-shift system, not changing one's sleep pattern the day before the nightshift, and instead taking a nap during the day of the nightshift, led to reduced feelings of fatigue after the nightshift 8) . In addition, not being able to take a nap during nightshifts increases fatigue cumulatively 9) . Conversely, reports indicate that during a 16-hour nightshift, a nap is ineffective irrespective of what time the nap is taken 10) , and while some rest is acquired with a 2-h nap, it is insufficiently effective in eliminating sleepiness and recovering from fatigue 11) . This suggests that the manner of sleeping after the nightshift may hold the key to relieving fatigue.
Considering this, the relationship between nurse fatigue and sleep has been reported; however, virtual objective measurement of sleep among nurses working in a twoshift system is not available. The portable, activity meter equipped with an accelerometer (Fitbit One, US Fitbit, hereinafter abbreviated as Fitbit) is an effective tool to measure sleep. Wearing the activity meter on one's undergarments or in a pocket enables evaluation of the quality and quantity of sleep and the sleep/wake rhythm without restricting activity. Ty et al. 12) compared seven wearable devices with a medical actigraph, looking at items including number of steps, daily consumed calories, and hours of sleep. They reported the efficacy of Fitbit.
Therefore, in this study, we clarified the relationship between the fatigue level of nurses who work in a two-shift system with their sleep and amount of physical activity using the Fitbit One. We plan to use this data as a basic material in investigating measures to prevent staff turnover based on the sleep and fatigue experienced by nurses who work in a two-shift system.
Materials and Methods

Participants
Fifteen nurses working in a two-shift system in the geriatric ward at hospital A in Hokkaido, Japan, were recruited to participate. Participants were excluded if they were taking medication.
Study design
This study used a quantitative, descriptive research design, specifically a field survey from May to June 2015.
Survey items and data collection method
1) Basic attributes
First, we requested that nurses complete a survey form including the following information: age, sex, years of nursing experience, years of nursing experience at their affiliated department, number of people living in the same house who require childrearing or care, height, and body mass index (BMI). We also obtained information on the number of nightshifts they worked during the previous month and during the survey period.
2) Fatigue
To measure subjective fatigue, we used a questionnaire for work-related fatigue feelings "Jikaku-sho shirabe" 13, 14) , which was developed by the Industrial Fatigue Research Committee of the Japan Occupational Health in 2002. Investigation of subjective symptoms (hereinafter referred to as degree of fatigue) comprised five groups, drowsiness, instability, uneasiness, local pain or dull-ness, and eyestrain, and higher scores indicated more fatigue. We requested that the nurses state the start and end time of their working days, and the time they wake up and go to bed on their days off. From here on, the start time of their working days and waking time on days off are defined as "before" and the end time of their working days and the time they go to bed on days off are defined as "after".
3) Physical activity and sleep
Wearable device: Nurses were requested to wear a Fitbit for 7 consecutive days to measure their sleep and amount of physical activity. A wireless activity meter, worn like a watch on the wrist, is the most common type of Fitbit; however, many medical institutions prohibit nurses wearing watches for infection prevention and for safety reasons. Therefore, we selected this miniature, light-weight device, which can be worn on the body. Fitbit uses a triaxial accelerometer and altimeter and measures motion patterns in 1-min increments. Consequently, it can measure the number of steps, distance, consumed calories, and sleep cycle of the wearer.
The participants were explained on how to use the Fitbit and were instructed to wear it consistently, except when bathing, by attaching the Fitbit to their clothing with a special clip during periods of activity and attaching the Fitbit to a wristband worn on their non-dominant arm during sleep.
Sleep diary: Nurses were instructed to write their activity status, bedtime, waking time, any sleep other than their main sleep, daytime drowsiness, and any time when the physical activity meter was removed, over a 7-day period. The described data were used in conjunction with the physical activity meter data to evaluate participants' sleep-waking condition.
Analysis method
Descriptive statistics were conducted for the basic attributes. Consumed calories were used as physical activity indicator and the number of sleeping hours was used as sleep indicator. The following items were used to analyze sleep efficiency: time in bed, bedtime, hours of sleep, sleep onset latency, length of nocturnal awakening time, and number of nocturnal awakenings. Subjective symptom scores were collated with the time before starting work and waking time on days off as "before", and the end of work and bedtime on days off as "after".
The "before" and "after" scores were highly correlated (r = 0.7, p < .01); therefore, participants were divided into two groups based on the median score using the "after" scores: a group with a high and low degree of subjective fatigue (hereinafter referred to as high and low fatigue groups, respectively). The Mann-Whitney U-test was used to compare the basic attributes of both groups, and we conducted a comparative investigation on the relationship between the degree of subjective fatigue, basic attributes, amount of physical activity, and sleep using Spearman's rank correlation coefficient. In order to investigate the difference in sleep according to the degree of fatigue on days off and working days, we compared the time asleep, number of nocturnal awakening, sleep efficiency, bedtime, etc. between the high and low fatigue groups, by days off and shifts. We used SPSS 23.0 for Windows (IBM Corp., Armonk, NY, USA) for all statistical analyses, and the level of significance was set at < 5%.
Ethics statement
This study was conducted with the approval from the ethical review board of the Graduate School of Health Sciences, Hokkaido University (14-88). The details of this study were explained to all participants before starting study; then, they each provided their written, informed consent. This study was also conducted in accordance with the Declaration of Helsinki.
Results
Fifteen nurses agreed to participate; however, one was excluded based on the exclusion criteria. Four participants withdrew halfway through the study and one participant had missing data; therefore, the data from nine participants were analyzed.
Overview of participants
1) Basic attributes of participants Table 1 shows participant characteristics. The years of nursing experience ranged from 4 to 34 years. The years of nursing experience in the affiliated department ranged from 7 months to 12 years.
2) Comparison of the basic attributes between groups
Years of nursing experience, nurses' age, and years of nursing experience in the affiliated department were significantly higher among the participants in the high fatigue group than those in low fatigue group. The two nurses in their 30s with people in their homes who required childrearing or care were both in the low fatigue group. The number of nightshifts during the survey period was significantly higher in the high fatigue group than in low fatigue group. The number of nightshifts in the previous month and the survey month or in BMI was statistically insignificant between the two groups (Table 1) .
Relationship between degree of fatigue, amount of physical activity, and sleep 1) Comparison of physical activity and sleep between groups Table 2 shows the results on physical activity and sleep between the two groups. The mean "before" degree of fatigue for all participants was 39.8 ± 15.0, while the mean "after" score was 43.3 ± 18.9. The length of nocturnal awak- ening time was significantly longer in the high fatigue group compared to low fatigue group.
2) Relationship between degree of fatigue and basic attributes, sleep, and activity index BMI (r = 0.46, p < .001) and consumed calories (r = 0.30, p < .05) and the "after" degree of subjective fatigue were significantly correlated. The time in bed (r = -0.36, p < .05) and hours of sleep (r = -0.37, p < .01) were negatively correlated ( Figure 1) .
Comparison between the degree of fatigue, amount of physical activity, and sleep on days off and on working days
1) Degree of fatigue and amount of physical activity on days off and on working days In the high fatigue group, the degree of fatigue was higher "after" than "before" both on working and on days off. The scores on the morning after the nightshift in the high fatigue group were significantly higher than in the low fatigue group (Table 3) . The consumed calories were lowest on the days off for both groups: the high fatigue group was 1698.2 ± 372.5 kcal, while the low fatigue group was 1762.8 ± 263.7 kcal; however, calories consumed on days off and on working days were insignificantly different between the two groups.
2) Degree of fatigue and sleep on days off and on working days Bedtime on the day before days off was significantly earlier in the high fatigue group than the low fatigue group. Bedtime on the day before work days was significantly later in the high fatigue group than in the low fatigue group. Furthermore, the length of nocturnal awakening time on the day before days off was significantly longer than that of the low fatigue group. In addition, the number of hours of sleep in the high fatigue group on the day before a work day was significantly lower than in the low fatigue group. The number of nocturnal awakenings in the high fatigue group on the day before a work day was significantly higher than those on the day after a nightshift (Table 4) .
3) Changes in degree of fatigue and sleep before and after days off The participants were divided into two groups: the increased fatigue degree group and the decreased fatigue degree group. This was done by using the mean ± 1/2SD of the changes of the degree of fatigue in nine participants' days off. The bedtime of three nurses in the decreased fatigue degree group during the survey period was consistent before midnight; their sleep efficiency was high (≥ 95.5%); their sleep onset latency was short (≤ 8.5 minutes); their number of nocturnal awakenings was low (≤ 5.8); and they managed to take naps during their nightshifts. However, the three nurses with an increased fatigue degree often went to bed after midnight, got < 7 h of sleep, had a sleep efficiency of ≤ 95%, had ≥ 14 nocturnal awakenings, slept during the day on their days off, and almost never took naps during their nightshifts.
Discussion
Relationship between degree of fatigue and basic attributes, sleep, and amount of physical activity
Results revealed that age and the number of years of nursing experience, of years of nursing experience in the affiliated department, and of nightshifts worked affect nurses' degree of fatigue.
Regarding sleep, participants in this study slept less than the average of the general Japanese population (7 h, 42 min) 15) . In addition, while insignificant, the hours of sleep of the high fatigue group was shorter than that of the low fatigue group. The length of nocturnal awakening time in the high fatigue group was significantly longer than of the low fatigue group; therefore, this is likely related to the degree of fatigue. In previous research 16, 17) , approximately half of the nurses working in a two-shift system were reported to have nocturnal awakenings, which supports the results of this study. Nocturnal awakenings are known to lengthen with age. The high fatigue group was significantly older than the low fatigue group, which is thought to have affected the length of nocturnal awakening time. Ensuring that older nurses are allocated nap time during nightshifts and considering the number of nightshifts allocated to these nurses may be a countermeasure for nurse fatigue, thus mitigating the risk of medical accidents.
Relationship between days off, degree of fatigue during shiftwork, and sleep
Inoue et al. 18) reported that the process of recovery through sleep plays a key role as a bulwark to prevent the accumulation of acute fatigue turning into chronic fatigue. In this study, nurses with a high degree of fatigue may not have been sufficiently recovering from their fatigue with their nighttime sleep. Nurses in the low fatigue group maintained a consistent bedtime, irrespective of whether it was a day off or a work day, while nurses in the high fatigue group had different bedtimes on the days before days off and the days before a work day, which tended to disrupt their sleep rhythm. The degree of subjective fatigue was significant- ly higher in the high fatigue group on the morning after a nightshift compared to that of the low fatigue group, which suggests that nurses with a high degree of fatigue after a nightshift tended to have disrupted sleep rhythms. These results suggest that when working in a two-shift system, sleep rhythm may be related to fatigue. This study presents the results of only nine nurses in one region and one facility; therefore, these results cannot be generalized to all nurses working in a two-shift system in Japan and should be verified with more participants in the future. In addition, we used subjective symptoms to measure fatigue and cumulative fatigue; therefore, our findings should be replicated with an objective measurement of fatigue.
Conclusion
We clarified that individual factors, such as being older, having more nursing experience, having less years of nursing experience in one's affiliated department, working more nightshifts, and having longer nocturnal awakenings, affected nurses' degree of subjective fatigue. The results also suggest that nurses with a high degree of fatigue have significant differences in their bedtime on days off and on work days without nightshift when compared to nurses with less fatigue, suggesting that sleep rhythm may also affect fatigue.
